A steady two dimensional MHD free convective and mass transfer flow of an incompressible fluid past a continuously moving vertical infinite porous plate in the presence of thermal diffusion has been studied. The governing partial differential equations of the MHD free convective boundary layer flow are reduced to nonlinear ordinary differential equations by introducing suitable similarity transformations. The nonlinear similarity equations are then solved numerically by Nachtshiem-Swigert iteration technique. The results of the numerical solution are then presented graphically in the form of velocity, temperature and concentration profiles. The corresponding skin friction coefficient, the Nusselt number and the Sherwood number are also calculated and displayed in tables showing the effects of various parameters on them.
Introduction
The natural convection boundary layer flow of an electrically conducting fluid up a hot vertical wall in the presence of cross flow has been studied by several authors [Singh and Cowling (1963) , Sparrow and Cess (1961) and Kuiken (1970) ] because of its application in nuclear engineering in connection with the cooling of reactors. In light of this, Yamamoto and Iwamura (1976) have studied the flow with convective acceleration through a porous medium. As for the magnetohydrodynamic (MHD) flow, for many years investigations were concerned with geophysical and astrophysical problems.
In recent years the possible use of MHD is to affect a flow stream of an electrically conducting fluid Heat and Mass Transfer (2016) Vol. 3 No. 5, pp. 296-312 297 for the purpose of thermal protection, braking, propulsion and control. From the point of applications, model studies on the effect of magnetic field on free convection flows have been made by several investigators. Some of them are Georgantopoulos (1979) , Kafousias et, at. (1979) , Nanousis et al. (1980) , Singh (1982) , Raptis and Singh (1983) , Hossain and Mandal (1985) Maleque (2000 Maleque ( , 2003 Maleque ( , 2005a Maleque ( , 2005b Maleque ( , 2005c Maleque ( , 2013 . Recently Maleque (2016a) found the effects of magnetic field and uniform electric current on unsteady MHD NON-Newtonian incompressible casson fluid flow to porous rotating disk with uniform angular velocity. More Recently Maleque(2016b) investigated a similarity solution of a binary chemical reaction on MHD unsteady non-Newtonian Casson fluid flow with heat and mass transfer past a flat porous in presence of exothermic/endothermic chemical reaction rate and Arrhenius activation energy.
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Along with these studies, the effects of thermal diffusion on MHD free convection of mass transfer flows have also been considered by many investigators due to its important role particularly in isotope separation and in mixtures between gases with very light molecular weight (H 2, He) and medium molecular weight ( N 2, air) [ Eckert and Drake (1972) ]. Considering these expects, many papers have been published on the effects on thermal diffusion on MHD free convective and mass transfer flow. Some of them are Jha and Singh (1990) , Kafousias(1992) and Alam and Sattar (1998) . Jha and Singh presented an analytical study for free convective and mass transfer flow, for an infinite vertical plate, moving impulsively on its own plane taking into account the Soret effect. Kafoussias presented the MHD free convective and mass-transfer flow past an infinite vertical plate moving on its own plane, taking into account the thermal diffusion effect when the boundary surface is impulsively started (I.S.P.) or uniformly accelerated (U.A.P.) in its own plane. He used Laplace transform technique to solve the said problem. On the other hand Alam and Sattar made a numerical study of an unsteady free convection and mass transfer flow of a viscous, incompressible and electrically conducting fluid past a moving infinite vertical plate, taking into account the thermal diffusion effect. Sattar and Alam (2001) obtained an analytical solution on the free convection and mass transfer flow with thermal diffusion. investigated the analytic solution of similarity solution of MHD free convective and mass transfer flow with thermal diffusion effect. Recently Maleque ( ,2010 ) studied a numerical solution is obtained for a steady threedimensional MHD convective heat and mass transfer flow in an incompressible fluid due to a rotating disk with thermal diffusion. An unsteady three dimensional MHD convective heat and mass transfer flow in an incompressible fluid due to a rotating disk is studied more recently by Maleque(2011) in presence of account the dufour and soret effects. Considering the importance of MHD free convective and mass transfer flow, in the present study a numerical solution is obtained for a steady two dimensional MHD free convective mass transfer flow in an incompressible fluid past a continuous moving vertical porous plate with thermal diffusion.
Governing Equations of the Flow Considered
Consider a two dimensional buoyancy induced viscous steady motion of an electrically conducting and incompressible fluid past a continuously moving semi-infinite vertical porous plate. The flow is considered to be in  x direction which is taken along the plate in the upward direction. The  y axis is taken to be normal to the plate. A uniform magnetic field B 0 is also assumed to be applied normal to the plate. v u and denote the velocity components along the  x and  y axes respectively. T and C denote the temperature and concentration of the fluid respectively. The
Kh. Abdul Maleque / American Journal of Heat and Mass Transfer (2016) Vol. 3 No. 5, pp. 296-312 298 induced magnetic field can be neglected in comparison with the applied magnetic field, the hydromagnetic steady boundary layer flow relevant to the present problem is governed by the following equations:
where g is the acceleration due to gravity;  is the coefficients of volume expansion for temperature; *  is the coefficient of expansion with concentration; The appropriate boundary conditions for the velocity, temperature and concentration fields are: 
is the normal velocity at the plate having a positive value for suction and negative value for injection. The last term on the right hand side of the momentum equation (2) 
Mathematical Formulations
To solve the above problem, we adopt the usual similarity technique to reduce the partial differential equations (1) - (5) into ordinary differential equations. We first make the equations (1) - (5) dimensionless by using the following dimensionless quantities:
From the continuity equation (1) we have
Thus integration both sides of equation (7) with respect to y and using equation (6) we obtain
Introducing the dimensionless quantities from (6) and v from (8) in equations (2)- (4) we finally obtain the non-linear ordinary differential equations as
In equations (9) - (11) 2 0 . 2
. Heat and Mass Transfer (2016) Vol. 3 No. 5, pp. 296-312 Subject to the dimensionless quantities, the boundary conditions (5) transform to (9)- (12) prime denotes derivative with respect to similarity variable .
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Numerical Solutions
Equations (9) - (11) are solved numerically under the boundary conditions (12) using NachtsheimSwigert (1965) iteration technique. In equation (12) 
with the asymptotic convergence criteria given by
The subscript c indicates the value of the function at max  to be determined from the trial integration.
Solutions of these equations in a least square sense requires determining the minimum value of 
Results and Discussions
The parameters entering into the fluid flow are Grashof number Singh and Dikshit (1988) . The comparisons of velocity and temperature profiles and the skinfriction and heat transfer coefficients as seen in Fig.2 and Fig.3 and in Table-1 . We observe that velocity decreases due to suction. From this figure it is also observed that the presence as well as the increase in the magnetic field leads to the decrease in the velocity field indicating that the magnetic field retards the velocity field. In Figure The skin-friction, the heat transfer and the mass transfer coefficients are tabulated in Tables 2-4 
 
were also tried and the obtained solutions have been found to be independent of the step sizes observed in Fig.11 .
Conclusions
In this paper, a steady three-dimensional MHD convective heat and mass transfer flow in an incompressible fluid due to an infinite rotating disk is studied. The Nachtsheim-Swigert (1965) iteration technique based on sixth order Runge-Kutta and shooting methods has been employed to complete the integration of the resulting solutions. The following conclusions can be drawn as a result of the computations.
(1). The effect of the Lorentz force or the usual resistive effect of the magnetic field on the velocity profiles is apparent. It is also apparent that the magnetic parameter M has increasing effects on temperature and concentration profiles.
(2). It is observed that the temperature profiles decrease with the increasing values of Pr. In the case of water at 20°C Pr =7.03, the thermal boundary layer shows a sharp decrease compared with the effects in electrolyte solution, such as salt water Pr =1.0 and air Pr=0.71 at 20°C.
(3). As for the effect of the Schmidt number Sc on the concentration profiles, it is seen that the concentration profiles decrease with the increasing values of Sc.
(4). The parameter So has marked effects on the concentration profiles. It is observed that the concentration profiles increase with the increasing values of So.
(5). We observe that the radial skin-friction, heat, and mass transfer coefficients decrease, while the tangential skin friction increases with the increase in the magnetic parameter M.
(6). The heat transfer coefficient increases, whereas mass transfer coefficient decreases with the increasing values of the Prandtl number Pr. Heat and Mass Transfer (2016) Vol. 3 No. 5, pp. 296-312 311 (7) . It is observed that the dimensionless Sherwood number increases with the increasing values of the Schmidt number Sc. It is also observed that as thermal diffusion So intensifies, the mass transfer coefficient decreases.
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